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1 

ttjf y ? a^h^ w^s*** <b % h m i co/i t . «± 
Hirtem i w«<oa- y k mmmzm-K %m.mi- j * 

yimt\ **vP*t (3 6'6. 6 00) . (36 6, 1 
0 1 0). (55 0.10 1 0), (6 50.60 
0 ) . Hit/ (3 66. 600) •?&Ztll&j& ! £Z.<r> 

h» 2 coi mm l ^at . fjia^ y?mizmm 
umm^mzmth^x\ wism .1 <o« i o t> -f y 
^ a commtf&^m 3 <oa<ta" y •? a ^ * 
ojifcitirf s ^ t t-fsit^B i taaw 

[ at$$ 3 ] Mies i comtti y ? j>&$m*i > m-it 
ffijia^2«Mft*'y^A^#wi. a-fttfy^A • r 

flrieai 3 y ? Aa^mwHi . aflysr y ? a -c* 

sit mmtthimm2mmmm. 

s: & c t i miam i oa-n^r y •? a ^ 
**si»ies*fc# y a • y^AfcJisw-s ^ k s- 
iswras] «k. fues^tJtsstLfcgftjjru 

ttftaifJi«t*{±. ^<tt, 

mftam 2 cdm<d±. ttmztitimttf u a jk, £ 
^^ft&fcieat i»^ a B H xFii^m L£v worn mr 

!9ESI105Jg*tt^-tl,l^Egflyyij^A ■ 4 
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^Sikfc^k******^?. 

mmamma. 4-&<ki. 
Sfc#y>A • >f y^^A^^^svSttit , 
BtriavgM«±ttt«§^. s-fbjru^A ■ -fy^ 

10 yy^AoMi 0 t>Sv^ k ^^iSk^^f*^ 
[ffl*JB7 ] Tufa? 5 <y H*JiT^-br^^*4ft**W 

[Il*ia8 ] mi? 5 >y KJlt±. ffl^'SVHiP^rl. 2 
Ji[±c7)fl*» ^^rS^k&^k t SIR JftJB 6 i 7 *= 

[I»*3i9 ] S«±t N '>^r< k gflyyy^A • A 

y ^ h & mm t . 

20 Sir£JSttJBtf>±fcs WEJSttlJ: 0 i>^gv^-f yy'-7A^ 
0 iffiv^i k SrWakl-S^ftlfciaSTWlSfc&a. 

[ iwi i o ] friasttiojtsisjsii. fria? ? f h 
± o ta^c: k *#«!kt?»ii^ii9ie« 

1 1 Htiiettwti. t»AR^k¥»tajs^c 

j; o i k mmt-rhmim9*tzm otieig^ 

30 

[000 1] 

xvzm&iimzmi-&. xmi<it. *m\±. 

aij; <o h±<^i§mmmm^^zmmi. h& 
\ ^co&^^fmcomm^m^th £ k t i o . 
a-ft-f yy-7A • //y ^Ajf^w&ft^. ffffi^-ft 

40 * WJ LTftift*fcSfb5f 'J ^ AiR2m¥ft% jE*^ * fig, 
[0002] 

imkomi a-ft<fu^A^**(i. 

^-^Sikj^ffit-ftS. *fc. ^tfD3B^x*/l^f<o« 
H(i. 2-6. 2xu^hny#^hk£v>„ L/^//-? 

50 ^atvil,. 



(3) 

3 

[0003] $rfc, xmattz-ts^x rgtftfy 

kti. I n. A 1 y Gai-x-y N (OSx^ 
1. 0£y£l. x+ySl ) fc^b^tfcVva&jS 

j£<A^fls££tfk<7>£:t3. f^Rtt', InGaN (x 
= 0.4, y = 0) h r^LtfU^&Wfcj £$* 

[0004] gfttf'J ^ASMNWWi. 2 jeNWCfc 

-g-g-fttfy^A, MltTA-S-'yA, MIlMyy'? 

a*>T\ BfltfrU^A (GaN) Hzm-hWtS&W&fr 
&SX,fcfTfc*VCH*. SfttfUfAU:, Ut^l 7 0 

o °c a ± t ft < , a £ . is^ffls t ij Jt 5 ss^^ffi^ 

ft "J.. -e^Q H B fK^at LTt±, ;W F7-f mfflJ&fl 
£H C V D ) ffi^ft&Sftl^ffl&ft (MOCVD ) 

mzm o c v vmz x u^Mm\nfm^&^zm 
sib#y -7 aim y^A^a^Lta^'j 

.17 A • 4Vi?*)k. (GalnN), fo&WiTH-i-V 20 
AJS^UIWJ^A • T^S-^A (GaAl 
N) &£<037^f B #j£g3ii.T».v5.. 
[0 0 0 5] £ftfcotH^^ra^£fflvtftff* 51 

[0006] 37cMif H -C*Sgft^'U ^A • -f y 

f «A>Fdf*t 77* ■ x4.;K^M^A£03 . 4 30 
xu-? hny*'n>l^f>, MM ys^A (inN)fl 
2x1/? hoy;jon- £-e£fl;£-tM>- , JSIc 

[0007] 

[nwfi?&ut ^ b-tmm] mwv ^a • ^ y~j 
>>Ati, a-fc^'J ^Ata^-f y^A^a^^-**-?- 

a^^iS^i-^ti o o o'CJiLL^^agJ-^s 

m%Em^mz. Mt#y v-Ai y i,j&£iB&£T 

P%1cW.t LTf±, AppI. Phys. Le 

tt.,59, (1991) pp. 22 5 1£m?Z>Z. 

•7A<7)$M^'ib«WKv^t.^'U'7A • 4 yy^AcDJS 
flfifc^fcB L"C [± , jKftfi&fcgfctf 'J •> A J; 0 t, ffi< 

[0 0 OS] -H. SfltffU^A • 7/1^-5 -?A<0fi££ 
fflJgfcWLTtt. Miff. U. AppI. 50 
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Phys. Lett. . 64. (1994) pp. 15 
3 5 £f=(f 4 * fc & . RXiKt: t, SilT V* & 

j; at. iw'jw ■ r^s-^Aco^-a-tji, mt 
m ^At isisaoisv^figcTeAfRfis^s - 

»?A • T/t-^-^A^^^rl)^^'/ Fi^ts^y 
<?A • -f Vx^Aj&^&SiSl^fc^i^fc"^^ 

[00 10] Lfrl, z<r)£?Zt:1fMz£*)®.Mltz% 

Zcr>m%t IX. M^'y^A • A yy^AJf^ B H Bn a n 
loon]-*, znxswyW&nWi&Wk 

[0012] *t^T^$3fX7ti>^ 
■Vf>&. -fKfrh. *HHWis BfS^ X^Affl^S 
^thmtti^^^ ■ Avi>^kXz-o^x^ %<r>1&M\ 

t-f&%><r>X'foh« 
[00.13] 

Zil^ti (366,600), (366,101 
0), (550,1010). (6 50, 600), J3 
J ( 3 6 6 . 600) i SOIHWC'M 

^x^^fium^nrnzmth^xmim 2 was 
««tsis£«rr 5 ; i zmmt-ti i><o vxffif&z 

[00 14] CW*fltfrffitt-Ctt. MOCVD 
mzX 9fTV\ ^liOlW-v 7 7"Sfc LT^f y^>7A 



5 

fif 5 7 0K J3 ft 4 fHB«Wl^1>» tut" S *ftTJf « 

tr t> , m i o«<^fiw^-f[a5^fe-f & i t . a 
-romi^jgfi, a-ft^y ^a ■ a vis^hx-h 

**>±«ob«k gtt//y^Att-&^t 
[ooi5] Hinemioiifc t j;i/'Bineii2co®<7) 
use « . ztimmT^izmmi-zm&mtfmi 

^£fpffl3#s i m ± o Tfnes i oa^u *>a 

LT , S ^h" y f - -r ■ df ^ 7°coleBll*)^ffi 

j&£^-&BufaiHbyy >7A • ^ y^A^nst^ 

[ooi6]-* s *HBHfc «t &¥#ft?M-Bi, a 

«Ji«atft t &«*.fcafl^r y >? A^SfriM^T 
*-»t. friE^iifliB^ti; ^< t i> , affc#y -7 a 

^st . tiriagS2<7)Ji»±titff §*ufcafl:#y 

m^mmt. zfxmte^m^zm-tm&m 
im& L^mmixTXh o , s s> t , firiem i <*> 

SSr^-tSrate^-fL^'y^A • ^ y^Aii, 5 i'b 

itcfllStStut. Sft/WA • ^yi^A^&S? 
7 -y FJit BulSSttiico' -f yi-^Ac/^Mti, 

fctf»SJ $ ft . «ffiiOrj V 9 ? h WlK% ffiJSt 

[0 0 18] 4Jt. 1*157 7 7 Klfcr^T^tt^ 

[ 0 0 1 9 ] $ mm 7-y 1*1(1 . ffl&SffS^fc: 
2 W±OJI*^ffij&$ it?, i 1 1 J: 0 , IfcfcSft* 
^Hjjj^ny ? ? M#tt3r|fi|±$-t!:S i fc.tT^ S . 

[ o o 2 o 3 ttz . zvftftmTnfcmzmix . -m 

[00 2 1] 
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bh, mittfv ->a i o o<7)±£g<fb?y ^a • -f yj; 

>>*A 1 0 1 tmtfi ] ) ^A 1 0 2 A s ;<0]I/fTif«£ 
iiT^I). UltiJ^Ttia-ft^y^A ■ Ay 

i^A i o i oTWi. ffi-f^'y ^A 1 0 0 t LX^h 

[0022301 iz^Lfmmw&te. mumocv 

io tfy^A, -f y^AStLThy^f^- Avv+jh. 
yx.-?ii> ■ a y^A, aiRjBt Ltryt-r^ 

x £ * * y t *f 'JnM^ flfcSfiLht ffit& L . 
[0 023 3 01 fc^LfcSWflfi&WjfcllKKLTH. 

a€)f y ^ aji i o o ^ftf^c , jfv*}j*ffltAyi/ 
vj±mtmmmt ^-v y r^x t^ctttt txaft^ 

ij^m.- A y=J<7& l o l ^jfcS^f v\ $ ^ #y 

20 ->Afeta*S^Jr-r y t^ffi^LTg-f^'y 
?AJ110 2<75i££HTofc. 
[0 024 3 H 1 CSLfc«fli«a*8'!f 

TlS^L, f# ibixft ? x - ^ 5- ^ tL-f'ixiFil 

r a iv<r)-m^mrmz'hh . t%b*>. ^m^w& 

mi. ZhWMXfVK?J>Nl 0 0 til 10 0'C, a 
•fbtfy ">A • A V v^Al 1 0 1 {±8 0 0°C, M^'J 
»>AJi 1 0 2f± 1 0 1 O-Cfc Ifz. ^(Vi -) t^fflg 
iOS^SilSJDfi^XgttS^TH. &fb#y ^7A • >f y 

30 i»7AB i o i o&Mmz.*-* y t asKHt 
^L^ft^A^ffiffi&s o o-ca^ 1 0 i o'ctx-m& 

[00253 a^byy ^a ■ -< y ^as louti 

^Gai-x In, N£0^£^^fis ^-^yv^Affl 
jj£xt«ff-rs„ tlx* 4>WJ*1Mx.&&fet& 

40 [0026] *^»B#«|^»tt« s 0 2 ^ U^SS 
ro7r j f ;UTJj!<,SL?ta^y >7A ■ A Vv*?kM 1 
0 1 COA y ^»7Affl^x{i0 . 25XM. *0£ffl? 
^7t«M!i4 4 0^y^-^TS)^7t. i7t, J:tK« 

^m^L^mi^a-f^y^A • -fy^Ai^ 
#ttfcit^ Lfc^a. *3&tujfc,j; sa-fbyy ^a • >r y 

50 ;fur, a^^y ^a • ^ y^-^Aa 1 0 1 w±ta-(t:xr 
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u^ajii 0 2£aii/eiSft#y?A • --f y^A 

[0 0 2 7] -Tft^ttLT, Jiloa-fbtfy^AJfl 0 
2«9MSKi 1 0 2 O'Cfc U fWffico^ffSRKt: 

1 0 1 £j££ftfc-t»c9Sfc>4ry >7 AJB 1 0 2?)|£ftrS 
ST*!. 1 0 2 0'Ct#?flL^^. g-fbtfy^A • A 
V~J^m 1 0 1 Lfc£ t fcjSHtl. fc#;c 

JB1 0 ItPLfFfiLjtti^. W&ltzXofc, ±M 
5:101 OiC-CjK^-frfc^tJt^-C. »3ISM£3WB 

1/10 KffiTLT^S i t Jt . 

[0028]-^, tmvM.\\Lii ] J *7 A 1 0 2 ODJ&gii 
££103 O'Ct Lta® Lfc«^tl±, fiR^ftO^x 

-^^Mfe^L-T Uivv a-fb#y -7 a • -f y^AJi 

1 0 1 OgflyW^re, PLfFWtciSirVC 
JuflrfPofc. JJloa-fbtfy^ASl 0 2tf>jfcK 
S{t£-^fb#y ^A ■ >f ys^A/i 1 0 1 «j£ftfSJKi: 
H-tLT^L^i^-ai. afl^'J-^A ■ 4 y^7 

aji i o i<7xmum?fo^Ki\ ±m<os.ifc# 1 )*? 

All 0 2* ; 7nxh^^(S*7^-ai>"S:^U^. £ 

[0029] WMfi, S ^tffl* ^*ftT«l«JI 
Wj££38K*ff-> fc&R, H 1 fc* L&afc# U *7 A • 
-f yi-^AJS 1 0 l<08tt£#ft5 WcJJlSSUWR 

S<o»WiSSfl:# y ■> a • 4 ^s^ajb l o l <n^m 
<.fcn**>9, 4 y^AcolM^i^T^tS. ft 
[00 3 0] RH^fe^T, Iffil^a, b, cfcitf 

I) „ -I iT", ffi^a^MSti (366, 6 0 0) , "f 

MLXfy/A • Ayvnmi 0 1 

#3 6 JJI 1 0 2«9jfc^igjg#6 0 0 

(366, 1010), c ( 550, 10 10), Hi. 
tfd (650, 600) km-Z.tWX'ZZ. 

[0031] n®ipL>wt>fr%£ 7 f&%mnmm 

MH(i, Sfli^'J -7 A ■ A y~J*)KW 1 0 1 crmm. 
^&;bMyi^A<0«£$#lTU&. ^&;b 
&mMk&3 6 6-5 5 0^/>-^<OSfffl-CJ±. 
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JJB»lKJSiaSt±6 0 0-10 1 orwM&^-t 

ifc» ^3t*^'5 5 0~6 0 0^/>-^ 

My^A<7)fflj&(±^<^, g^'ij^A-^y^ 

■7 aji i o i ffmstrntfi*. i^t vfo 

[00 32] isnatfcvvc, mffiMWSQMto 

trr* 6 o ovt LJt^ij, -wtmmih&mfcm 

10 £ j££iB&«TRfct «fa 6 0 0 °CT'S> S ^ t . 
[0033] gfl^ft; "7 A • 4 VJfJhM 1 0 1 

cv±M-h\ sft^yyAfts^uaflKru^A- r^s 
ft^aswsitisaju^. #>UJ2\ afli^y^A ■ 

^ yy^llO l<7)S&ftjfcSi&*3 6 6~5 5 0^7^ 

0 1 CCJ-CitfSikA^ MOCVDfetJ;* 

*^»±. iiwa-ft^u^Aas i o i or-c^ft^-a- 
s i t tj; "j . a-fbyu -7A ■ a y^A/g^ts^ 

■ 

[ 0 0 3 4 ] mz, *»ffl<0»2<0lS*<0^JBfc-?V^ 

a-fb«f u ^ A^^^somaffijt^stu&BfMiiiT'S) i . 
^'•;^a - -r yi>-7Aii4o 1 1, -eco±itLT^a 

ittfV?7J*m4 0 2, 4 0 3A>ffili§ilT^i.. <I«flt 

JB4 0 2*5^1X4 0 3<7))tfitfc^Tltft*ff5:JIIM^ 
it^-tl^bizX'O. MI^'U^a • -fy> ; 7A«4 0 

1 ^ftiffiCt^t. JJI«*SfliHi«t)«m-5jS'r' 

[0035] H5ti, @4tSL3t«BSS«*-rSI6w 

40 *> , S-fb*' U^7A]i400S:1100 °CT^ 1 3t ^ 
t . M-fb^' U -7 A • A V v*j Al 4 0 1 £ 8 0 0 °CX$L 
^^^S^MtMMS^I^aW'J >7A 
J14 0 2£^L^aCs fflSS: 1 0 5 0°C^f±#t 
Tffift^U *7AB4 0 3 4 . 

[00 36] ic7)i^^, afbJPJ^A- ^yv^^Jf 
4 0 1 co^ffi^^KSr^-fb^ii-f tafl^TU r 7Affl4 0 

2 T^-r 7"1-§ ^ t [Z X 0 , g-fb^U *7 A • yi»> 
A14 0 1 i £%< , jfifiiSffiS:#aLT 

iS n D p®oa£//y ^Ajf 4 o 3 ^miits d fc* J T^ 
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f^fttg-fbtfy^A- -fyy^|4 0 ICO PL 
[0037] 05 izm^Ltzrvy rA frTlt. Wtcfi 

■ V *7&!§4 0 2c?)tfm3m.*mWV >7A • A yy-)A 

14 0 icDj&m&SLtm-kitztf. wnommmt 

ifctfTS 6. trL*>, ^7 7"! 
#ffi-ffc# 'J ■> A x df ^ >y 7"«0iS,ft<7> JM* 10 

[ 0 0 3 8 ] £ fc . * * -y LT O&SiJ^H^-f ± 
M4 0 2«0RJ?U, iW'S tmttfV *7A ■ >f ys^ 

2,14 o i ar+fl-fcfta-rs -2r. mt 

r&£fc#M*U^ 20 
[ 0 0 3 9 ] ^iflW^S^Ife^ffltC-o^t 

miuf y ^a^si tt^mffii* mtmrnmrnx-h 
mxjw^h. • -< >->-'7A)i6 o it. ^<nimt ix 

A • 4 y^>7Ajf 6 0 KO^^Hfc LT. 7/P5- 30 
"7 A*^t«# U ^L-m-Wm 6 0 2 SrfflV^c^T- 

[0 0 4 0] 07li. 06K^LfcflUa*«^-f&IR^ 

*>. ^-fbtfy^Aie 0 0*110 oxrafcKUd£ 

gfl#U 7 A ■ Vi>v 7 a«6 0 1*80 o°c-cj& 
5U ^^*4<oaU£Tit«WJfi^)»V^g^'; ^A 
■ 7^S-?.iJI6 0 2£j&RU$fcK, 1 1 0 

0°Ci T-±^-LTM-fti^U •> A/f6 0 3 *fK-|^l> „ 

[0041] *mmm<n(%. ix&m. -/rm 6 o 40 
2 tLxm^x^&'mwv ■ 7^5-^a*« v a 

i^W'J >7AJ; 0 fcifc^V^-Cfc* i:#jt til 

& . ft! o t . -e mimnmfctf y v a jg 6 0 3 ojs&ra 

[0 04 2] *-V"yrJg60 2fcl/CfflVvtuS 



#^¥1 0-3 3 5700 
1 0 

A • A y^*7AJl6 0 1 fcll&Sifctf)^ £BMK$X 
6 0 1 «3HtfH&£Wih§tfS$&3fc3rf 6. 

[00433 ^wmtmmzti^xii. fs^s^fc 

iSH* & ? y 7 ^cOUt^ if *B6 <*fcft gfl^f 'J ? 
Sft^'y^A ■ 7^S-'7A®6 0 2t07/l^5- r 7A|I 

)^*io%. jss&i oo-^y^-^t ltessl. a 

•ft// U -7 A • >f y v-7 AJl 6 0 1 <s9f6M?fttt £18^18 

^ix/c,, ^r33. ll7^^Lyt^STD7r-<^Tt±. 
Sft/iU^A ■ 7^S->7Aji6 0 2«Mffli, S 
^'y>A • -fyv'f7AJg6 0 l<r>f$.&<§Jgtffit80 
0 'CtJ) 6 . L*> U » 1 Ol^SSffMt n t T iffi* L 
i^fcs S€y5'y7A • 7;US-»7Aj!6 0 2<7«ifi 
^(i. H3 ^L7ttcH^T-*Wi$ ^tK^SS^iM 

[ 0 0 4 4 ] ^(C, *^BJOH4«HSfeO^SIfc-P^T 

mxfv v^mmfocDmmmmzmtmmmwmx'fo 
aflyyy ^ a ■ y^A®8 o 1 1 . tomb ix 

COM-f^'U^A • 7/l'$- r 7A18 0 2, M^'U^A 
Jl 8 0 3 fOJiJf -CfflS $ ilT ^ § „ 

[0045] mmmimix. imLt:W3<ngm8 
mtm^hmt. mztfovj* ■ a y^AJis o 1 1 

df-VvT'ST'&Sgfl-tfy^A • 7;L-5- r 7A18 0 2 
A • A y^-7AJ18 0 l^fKiemtSrS'oClSli^S 

HRfc. sft^y^ABso o^it^^ 
ftjtaft^'j ^a • a y^>7A]i8 o i tmwv ^a 

- 7;1^5-<7Al8 0 2(i. ^OS H H HffiR. ttthhA 

a-ft^f y ^ a jg 8 o o t ffm^^m^gm t * o . * 

WFk-tiz\tAmtL\,\ mz^ mtt,tfv*/& ■ av 
V-7AJ18 o i iz^uxii. %%mt txftm-f&t%& 

[0046] 09<i. 08tl*L^««fltSi«^S 

m-ittfv ^Aii8 00*110 o'cx-^Ltim 

fc, ?Sffi* 7 8 0*CiTTtfT£-ffc;#y ^7A ■ A VV*7 
A18 0 1 tS-ft^y^A ■ 7/t'$-'7AJ18 0 2*j!£ 

^l. u^t^ias*i ioo^-c±tfts^u^ 

AJi80 3*^-n» o Z^X\ mLii")*)^- A>V 
WGai-, In, NB8 0 lfO.-f yV^Affijtxii 
0. 4kL.WLmi201-J*-9kLtz. Sfc. SMk 



( 

1 1 

#y>7A ■ 7;l/5^AGai-, Al, N«802?)7 

[0047]3<7)J:? fcrLT^UfcaJMBetov^ 

-fWU ^A • ys^Al8 0 1 fcS-fttfy ^A ■ 7^ 
$->7Aif 8 0 2^^-f^-^E^ii^Tifg^S-& 

mma . mtftri jmrnmrx-h hzt 

[00 48] M-ffcZ/y^A- --f yi^A^fcfc^Tli. 

>^*?AiHj£x£&St,-jjfc|g£, fOS^h'yf^ • 
7 T\zmk$h 0 . 4 JJlh«9ffiT*fc S - i: 

'Jf^ ■ ¥\ -y 7<?Mmtf1&'bZtuC^&Z t 

[oo49]>r<7)i9t. *%miziti\f. $tm±^ 

7 5-y F/ , 3>'77f-JI9 0 2 
ffittS9 0 3 

<lit'. £S<9tt£&L if 9 0 2# ^ ni^)g•^b^/'y'7 
A , a 9 o 3 #7 y K-rtfoa-ft^'j ^ a ■ a w*? 

A„ l9 0430>'p32og-ft#U'?A • A WtybX-h 
h> itz. miMAffl«m®9 0 5, 9 0 6{i, *ti? 
ftjfl9 04. 9 0 2cr,nzimilXBf&ZhX^6„ 
[ 0 0 5 4 ] HI 0t^Lfcfl»jg*^e*fcll5r&jSl±. 
S-fbif y -7A • A y^AvS'M9 0 3^i;pia 

# U >7 A ■ -f yy-)A!9 0 4 £ffJI L££T'J?>& . 
^fktf'J^A • y>>'^A}£ttJg9 0 3 CO Jit 

[0055] ^^c^yj^^Miii- 

M-itf. MtfJpn. J. App 1 . Phy s . 3 
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